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PROBLEM TO BE SOLVED: To provide an ink jet recorder where the velocity and weight of a micro dot ink 
droplets can be fixed even if the Helmholtz period for each recording head fluctuates. 
SOLUTION: In recording heads whose Helmholtz period is large (Tc=8.0 &mu s), Twd1 is adjusted to 6.0 
&mu s, 3/4 of Tc and in recording heads whose Helmholtz period is small (Tc=7.0 &mu s), Twd1 is adjusted 
to 7.0 &mu s equal to Tc, thereby increasing the velocity of ink droplets for, recording heads where Tc=8.0 
&mu s and decreasing the velocity of ink droplets for those where Tc=7.0 &mu s. After that, by applying two 
different voltages, ink droplets are discharged from recording heads, the weight of discharged ink droplets is 
measured, and on the assumption that the weight of ink droplets changes linearly due to voltage, voltage is 
adjusted so that the weight of ink droplets of each head may be fixed. 
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(54) INK JET RECORDER AND DRIVING SIGNAL ADJUSTMENT METHOD THEREFOR 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet 
recorder where the velocity and weight of a 
micro dot ink droplets can be fixed even if the 
Helmholtz period for each recording head 
fluctuates. 

SOLUTION: In recording heads whose Helmholtz 
period is large (Tc=8. 0 jus), Twdl is adjusted 
to 6.0 jj, s, 3/4 of Tc and in recording heads 
whose Helmholtz period is small (Tc=7. 0 jus), 
Twdl is adjusted to 7. 0 \i s equal to Tc, thereby 
increasing the velocity of ink droplets for, 
recording heads where Tc=8. 0 \x s and decreasing 
the velocity of ink droplets for those where 
Tc=7. 0 jus, After that, by applying two 
different voltages, ink droplets are discharged 
from recording heads, the weight of discharged 
ink droplets is measured, and on the assumption 
that the weight of ink droplets changes linearly 

due to voltage, voltage is adjusted so that the weight of ink droplets of each 
head may be fixed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ink-jet formula recording device which is equipped with the following and 
characterized by making duration of the aforementioned expansion signal small for every recording 
head to which the meniscus of ink vibrates with the aforementioned expansion signal, so that the 
peculiar period Tc is large. The ink-jet formula recording head which shrinks a pressure generating 
room and makes an ink drop breathe out from nozzle opening by operating a pressure generating 
means. The expansion signal which expands the aforementioned pressure generating room. Driving 
means which output a driving signal including the contraction signal which shrinks the 
aforementioned pressure generating room so that the regurgitation of the ink drop may be carried out 
from the aforementioned nozzle opening to the aforementioned pressure generating means. A means 
to adjust the speed of the ink drop breathed out by the aforementioned contraction signal by changing 
the duration of the aforementioned expansion signal. 

[Claim 2] The duration of the aforementioned expansion signal is an ink-jet formula recording device 
according to claim 1 characterized by setting up among three fourths of Tc and Tc. 
[Claim 3] The driving-signal adjustment method of the ink-jet formula recording device characterized 
by including the process at which it is the method of adjusting the driving signal of an ink-jet formula 
recording device according to claim 1 , and the meniscus of ink vibrates with the aforementioned 
expansion signal, and which measures the peculiar period Tc for every recording head, and the 
process which makes duration of the aforementioned expansion signal small, so that Tc is large. 
[Claim 4] The duration of the aforementioned expansion signal is the driving-signal adjustment 
method of the ink-jet formula recording device according to claim 3 characterized by setting up 
among three fourths of Tc and Tc. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the adjustment method of the 
driving signal which carries out the regurgitation of the minute ink drop especially about an ink-jet 
formula recording device equipped with the ink-jet formula recording head which carries out the 
regurgitation of the ink drop of a size which is different from the same nozzle. 
[0002] 

[Description of the Prior Art] Based on the dot pattern data which come to develop the record data 
sent from the host computer, an ink drop is breathed out from each nozzle of a recording head to 
predetermined timing, respectively, and the ink JIETO formula recording device has composition 
which records when each of these ink drops form a dot in the front face of record media, such as a 
record form. Thus, since an ink-jet formula recording device is what does not carry out whether the 
regurgitation of the ink drop is carried out, or [ that is, ] performs on-off control of a dot, it cannot 
carry out the record output of the middle gradation with this. 

[0003] Then, the technology which is made to breathe out the ink drop of a weight which is different 
from the same nozzle, and enables gradation expression is also proposed. A normal dot is generated 
by shrinking a pressure generating room and making an ink drop breathe out, since the pressure 
generating room in which ink was held is expanded as such an ink-jet formula recording device and 
the meniscus of ink is retreated greatly. The meniscus of ink is greatly retreated rather than the case of 
a normal dot by making it expand, after ink breathes out and twists the pressure generating room in 
which ink was held and making it contract like. What is made to breathe out an ink drop minuter than 
a normal dot, and generates a micro dot is known by shrinking a pressure generating room after that. 
[0004] Since dispersion at the time of manufacture existed for every recording head, the actuator unit 
in which a pressure generating room is formed changed the size of the voltage impressed to the 
piezoelectric transducer of an actuator unit in order to expand and to shrink a pressure generating 
room conventionally, and it was adjusting for every head so that the ink drop weight breathed out 
might become fixed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the drive method which generates a micro 
dot, the compliance of a pressure generating room will be large, when the helmholtz period Tc which 
is a period of vibration of a meniscus is a large recording head, since pressure variation is 
gently-sloping, ink drop speed will not go up only by adjusting the size of the voltage impressed so 
that an ink drop weight may become fixed, but it will become the regurgitation of a flight deflection 
plain-gauze cone ink drop. In the small recording head of Tc, ink drop speed is too large and a 
discharge condition becomes unstable. 

[0006] In order to make regularity the ink drop weight and ink drop speed of a micro dot, precision of 
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Tc of a recording head needed to be made high, the manufacturing cost became high or there was a 
problem that the yield of a product became low. 

[0007] The purpose of this invention is to offer the adjustment method of the ink-jet formula 
recording device which can make regularity the ink drop speed and the ink drop weight of a micro dot, 
and its driving signal, even if the helmholtz period Tc of a recording head varies. 
[0008] 

[Means for Solving the Problem] According to the driving-signal adjustment method of ******, to the 
ink-jet formula recording device or claim 3 of this invention according to claim 1 The driving means 
which output a driving signal including the contraction signal which shrinks a pressure generating 
room so that the regurgitation of the ink drop may be carried out from the expansion signal which 
expands a pressure generating room, and nozzle opening to a pressure generating means, It has a 
means to adjust the speed of the ink drop breathed out by the contraction signal by changing the 
duration of an expansion signal. Since duration of an expansion signal is made small for every 
recording head to which the meniscus of ink vibrates with an expansion signal so that the peculiar 
period Tc is large, Tc can enlarge ink drop speed of a large head, and Tc can make ink drop speed of a 
small head small. 

[0009] According to the driving-signal adjustment method of ****** 5 since the duration of an 
expansion signal is set up among three fourths of Tc and Tc, it can adjust ink drop speed to the ink-jet 
formula recording device or claim 4 of this invention according to claim 2 greatly by small change of 
the duration of a signal. 
[0010] 

[Embodiments of the Invention] Hereafter, the example of this invention is explained in detail based 
on a drawing. 

[001 1] Drawing 2 is a block diagram explaining the relation between the main part 1 of a printer (it is 
described as a main part below.) which performs supply of information processing and head drive 
power, and the recording head 2 used as a controlled system. A main part 1 is equipped with the drive 
circuit 102 which supplies sufficient power to generate and drive the voltage waveform for driving the 
control logic 101 for taking creation and timing of the data for determining the nozzle which carries 
out the regurgitation of the ink, and the actuator of a head, and a connector 103. 
[0012] A recording head 2 is equipped with the control logic 201 which controls by ON/OFF of 
analog switches 221-223 whether actuators 21 1-213 are vibrated or it does not carry out according to 
the data from two or more actuators 211-213 which consist of a piezoelectric device which generates 
the kinetic energy for making ink breathe out, the analog switches 221-223 for not impressing driver 
voltage from a main part to the actuator, and the control logic in a main part 1 . The carriage shaft top 
of the enclosure of a printer is moved to a head scanning direction, the data according to the position 
of a head scanning direction are sent from a main part 1, and a recording head 2 prints by this 
breathing out an ink drop. The main part 1 and the recording head 2 are connected by the flexible flat 
cable (it is described as Following FFC.) 3. 

[0013] Drawin g 3 is the cross section showing the mechanical structure of a recording head 2. The 1st 
covering device material 30 consists of sheet metal of a zirconia with a thickness of about 6 
micrometers, the common electrode 3 1 used as one pole is formed in the front face, the piezoelectric 
transducer 33 which consists of PZT etc. is fixed so that the front face may be countered at the 
pressure generating room 32, and the drive electrode 34 which consists of a layer of comparatively 
flexible metals, such as Au, is further formed in the front face. 

[0014] It deforms in the direction which will develop if deformation which will contract if the 
piezoelectric transducer 33 forms the oscillated type actuator by the 1st covering device material 30 
here and a piezoelectric transducer 33 is charged, and contracts the volume of the pressure generating 
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room 32 is carried out and a piezoelectric transducer discharges, and expands the volume of a pressure 
generating room. 

[0015] A spacer 35 prepares a through-hole in ceramic boards, such as the thickness suitable for 
forming the pressure generating room 32, for example, a 100-micrometer zirconia etc., is constituted, 
has both sides closed by the 2nd covering device material 36 and the 1st covering device material 30, 
and forms the pressure generating room 32. 

[0016] the free passage whose 2nd covering device material 36 connects the ink feed hopper 37 and 
the pressure generating room 32 to ceramic boards, such as a zirconia, — the nozzle free passage 
which connects a hole 38, and the nozzle opening 25 and the edge of a pressure generating room — a 
hole 39 is formed, and it is constituted and is fixed to the whole surface of a spacer 35 
[0017] The covering device material 30 of these 1st, a spacer 35, and the 2nd covering device material 
36 fabricate a ceramic clay-like material in a predetermined configuration, and they constitute the 
actuator unit 21, without using adhesives by carrying out the laminating of this and calcinating it. 
[0018] the nozzle free passage which the ink feed hopper 37 which connects a reservoir 41 and the 
pressure generating room 32 to the end side by the side of the pressure generating room 32 is formed, 
and is connected to the nozzle opening 25 at an other end side while the ink feed-hopper formation 
substrate 40 serves as the fixed substrate of the actuator unit 2 1 — the hole 42 is formed 
[0019] the reservoir 41 which receives the ink inflow from the ink cartridge which does not illustrate 
the reservoir formation substrate 43, and the nozzle free passage linked to the nozzle opening 25 — a 
hole 44 is formed, it is constituted, a nozzle plate 45 closes one field, and the reservoir 41 is formed 
[0020] The glue lines 46 and 47, such as a heat welding film and adhesives, are fixed in between [ 
each ], and these ink feed-hopper formation substrate 40, the reservoir formation substrate 43, and the 
nozzle plate 45 constitute the passage unit 22. 

[0021] This passage unit 22 and the bitter taste CHIEETA unit 21 are fixed by the glue lines 48, such 
as a heat welding film and adhesives, and the recording head 10 is constituted. 
[0022] By composition of the above-mentioned recording head 10, if a piezoelectric transducer 33 is 
discharged, the pressure generating room 32 will expand, the pressure in the pressure generating room 
32 will decline, and ink will flow into the pressure generating interior of a room from a reservoir 41. If 
a piezoelectric transducer 33 is made to charge, the pressure generating room 32 will contract, the 
pressure in the pressure generating room 32 will rise, and the ink in the pressure generating room 32 
will be breathed out by the nozzle opening 25 shell exterior. 

[0023] The procedure when printing by the above composition is explained using drawin g 4 and 
drawin g 5 . Where paper is fixed, a recording head 2 moves to a head scanning direction. A pulse train 
as shown in A and B of drawing 5 is then sent to a recording head 2 from a main part 1 through FFC3 
of drawing 2 . A is a driving pulse which makes a minute ink drop breathe out and makes a micro dot 
generate, and B is a driving pulse which makes a larger normal dot than a micro dot generate. The 
data which specify opening and closing of analog switches 22 1 -223 synchronizing with the driving 
pulse of either A or B are also sent to the recording head 2 from the main part 1 , and only the actuator 
linked to what was closed among analog switches 221-223 displaces them to a specific pulse. As a 
result of heightening the ink pressure of the pressure generating interior of a room corresponding to 
the driven actuator, ink is breathed out only from the nozzle corresponding to this among the nozzles 

251-253 of drawin g 4 . 

[0024] The voltage value starts the driving pulse of the micro dot shown in A of drawin g 5 from the 
middle potential VmM (1 1 1), it goes up with fixed inclination between the predetermined time TwcO 
to the maximum potential VPM (112), and only a predetermined time TwhO maintains the maximum 
potential VPM (113). Next, a micro dot driving pulse descends with fixed inclination between the 
predetermined time Twdl to the 1st minimum potential VLS (114), and only a predetermined time 
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Twhl maintains the minimum potential VLS (115). And the voltage value of a micro dot driving 
pulse rises again with fixed inclination between the predetermined time Twcl to the maximum 
potential VPM (1 16), and only a predetermined time Twh2 maintains the maximum potential VPM 
(117). Then, a micro dot driving pulse descends with fixed inclination between the predetermined 
time Twd2 to the middle potential VmM (118). 

[0025] Here, if the charge pulse 1 12 is impressed to a piezoelectric transducer 33, the piezoelectric 

transducer 33 of drawing 3 will bend in the direction which shrinks the capacity of the pressure 
generating room 32, and will generate positive pressure in the pressure generating room 32. 
Consequently, a meniscus rises from nozzle opening. The potential difference of the charge pulse 1 12 
is large, when voltage inclination is large, although it is also possible to carry out the regurgitation of 
the ink drop by the charge pulse 1 12, in this example, the ink drop was breathed out and twisted by 
the charge pulse 1 12, and the potential difference of the charge pulse 1 12 is set as the range. In this 
example, further, the charging time TwcO of the charge pulse 112 calls forth vibration of the meniscus 
helmholtz period Tc, and it is set up more than Tc so that there may be nothing. 
[0026] The meniscus which rose by the charge pulse 1 12 is changed to the movement which returns 
into the nozzle opening 25 by vibration of a period Tm with the surface tension of ink, while the hold 
pulse 1 13 is impressed. 

[0027] If the electric discharge pulse 1 14 is impressed, a piezoelectric transducer 33 will bend in the 
direction which expands the capacity of the pressure generating room 32, and negative pressure will 
produce it in the pressure generating room 32. Consequently, it is superimposed on the movement 
which goes to the interior of the nozzle opening 25 of a meniscus, and a meniscus is greatly drawn in 
the interior of the nozzle opening 25. Thus, a meniscus can be greatly drawn in the interior of the 
nozzle opening 25 also by the potential difference of the comparatively small electric discharge pulse 
1 14 by impressing an electric discharge pulse to the timing to which a meniscus goes to the interior of 
the nozzle opening 25. 

[0028] If the charge pulse 1 16 is impressed, positive pressure will occur in the pressure generating 
room 32, and a meniscus will rise from the nozzle opening 25. At this time, where a meniscus is 
greatly drawn in the interior of the nozzle opening 25, since the pressure variation of the positive 
pressure direction occurs, the ink drop breathed out turns into a minute ink drop, and generates a 
micro dot. 

[0029] The electric discharge pulse 1 1 8 is an electric discharge pulse for suppressing Tc vibration of 
the meniscus excited by the electric discharge pulse 1 14 and the charge pulse 1 16, and impresses the 
electric discharge pulse 118 which makes a meniscus go to the interior of the nozzle opening 25 to the 
timing to which Tc vibration goes to the outlet of the nozzle opening 25. 

[0030] The driving pulse of the normal dot shown in B of d raw ing 5 is started from the middle 
potential VmN (120), it descends with inclination fixed to the 2nd minimum potential VLL (121), and 
only a predetermined time maintains the minimum potential VLL (122). And the voltage value of a 
normal dot driving pulse rises with inclination fixed to the maximum potential VPN (123), and only a 
predetermined time maintains the maximum potential VPN (124). Then, a normal dot driving pulse 
descends with inclination fixed to the middle potential VmN. 

[0031] If the electric discharge pulse 121 is impressed, negative pressure will arise in the pressure 
generating interior of a room, and a meniscus will be drawn in the interior of the nozzle opening 25. 
Here, compared with a micro dot driving pulse, a meniscus is not greatly drawn in the interior of the 
nozzle opening 25 by setting up the potential difference of the electric discharge pulse 121 smaller 
than the potential difference of the electric discharge pulse 1 14 of a micro dot driving pulse. 
[0032] If the charge pulse 123 is impressed, positive pressure will occur in the pressure generating 
room 32, and a meniscus will rise from the nozzle opening 25. Since the pressure variation of the 
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positive pressure direction occurs in the state where a meniscus is not drawn so much in the interior of 
the nozzle opening 25, at this time, the ink drop breathed out turns into a big ink drop compared with 
a micro dot. 

[0033] The electric discharge pulse 125 is an electric discharge pulse for suppressing Tc vibration of 
the meniscus excited by the electric discharge pulse 121 and the charge pulse 123, and impresses the 
electric discharge pulse 125 which makes a meniscus go to the interior of the nozzle opening 25 to the 
timing to which Tc vibration goes to the outlet of the nozzle opening 25. 
[0034] If a recording head 2 finishes moving to the other end from the end of a head scanning 
direction, an ejection will be performed in the direction of an ejection by the distance of nozzles 
251-253. Thus, it can set by specifying the timing and the nozzles 251-253 of the position of the 
scanning direction of the movement magnitude from the nose of cam of the paper which is a record 
medium about the regurgitation and the non-regurgitation of ink, and a head, i.e., the pulse which 
carries out the regurgitation, to be the arbitrary points on the space specified with the resolution of a 
printer. 

[0035] By the way, in the above-mentioned recording head 2, when the inertance of Mn and the ink 
feed hopper 37 is set [ the rigid compliance by the 1st covering device material 30 which forms Ci and 
the pressure generating room 32 for the fluid compliance resulting from the compressibility of the ink 
of the pressure generating room 32, and the material of piezoelectric-transducer 33 grade ] to Ms for 
the inertance of Cv and the nozzle opening 25, the helmholtz resonance frequency F of the pressure 
generating room 32 is shown by the following formula. 
[0036] F-l/(2pi) xroot {(Mn+Ms )/(MnxMs)/(Ci+Cv)} 

Moreover, if compliance of a meniscus is set to Cn, when the viscous drag of ink passage can be 
disregarded, the natural-vibration period Tm of a meniscus is shown by the following formula. 
[0037] Tm=2pixroot {(Mn+Ms )Cn} 

Moreover, when acoustic velocity in the inside of rho and ink is set [ the volume of the pressure 
generating room 32 ] to c for the density of V and ink, the fluid compliance Ci is shown by the 
following formula. 

[0038] The rigid compliance Cv of the pressure generating room 32 is in agreement with Ci=V/rho c2 
pan at the static reduction of area of the pressure generating room 32 when impressing a unit pressure 
at the pressure generating room 32. 

[0039] Period-of- vibration Tc excited by the meniscus by contraction of a piezoelectric transducer 33 
and extension is the same as that of the period obtained by the inverse number of the helmholtz 
resonance frequency F. If an example is given, for 2xl08kgm-4 and Inertance Ms, lxl0-20m5N-l and 
the rigid compliance Cv of the helmholtz resonance frequency F at the time of being lxl08kgm-4 will 
be [ the fluid compliance Ci / 1.5xl0-20m5N-l and Inertance Mn ] 125kHz, and the helmholtz period 
Tc will be set to 8 microseconds. 

[0040] Although the helmholtz period Tc can be measured directly on laboratory level, for this reason 
[ time ], measuring directly on mass-production level is difficult the period. Then, the resonance 
frequency of an element is measured with an impedance analyzer in the state where ink is not 
contained in the pressure generating room 32. since proportionality is between the resonance 

frequency in the state where ink is not contained, and the helmholtz period Tc as shown in drawin g 6 
~ from the measured value of resonance frequency — since — Tc is calculable 
[0041] In the manufacturing process of a recording head, it is varied and generated in values/such as 
the rigid compliance Cv by the 1st covering device material 30 which forms the pressure generating 
room 32, and the material of piezoelectric-transducer 33 grade. Therefore, the helmholtz period Tc 
varies for every head. 

[0042] In order to make regularity the weight of the ink drop breathed out from the nozzle of a 
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recording head with each head, the size of the voltage generally impressed to a head piezoelectric 
transducer is changed, and it is adjusting for every head so that the ink drop weight breathed out may 
become fixed. An ink drop is made to specifically breathe out on the different voltage of two points, 
each breathed-out ink drop weight is measured, and voltage is adjusted so that it may become an ink 
drop weight suitable as that to which the variation of an ink drop weight is proportional to the amount 
of changes of potential. 

[0043] However, when making a micro dot breathe out, the compliance of a pressure generating room 
will be large, when the helmholtz period Tc is a large recording head, since pressure variation is 
gently-sloping, ink drop speed will not go up only by adjusting the size of the voltage impressed so 
that an ink drop weight may become fixed, but it will become the regurgitation of a flight deflection 
plain-gauze cone ink drop. In the small recording head of Tc, ink drop speed is too large and a 
discharge condition becomes unstable. 

[0044] In this example, the regurgitation speed of an ink drop is adjusted by changing the duration 
Twdl of the electric discharge pulse 1 14 of a micro dot driving pulse according to the helmholtz 
period Tc. The principle is explained below. 

[0045] Drawin g 7 is drawing showing the situation of vibration of the meniscus of ink when the 
helmholtz period Tc sends an electric discharge pulse to a piezoelectric transducer on three conditions, 
1= 4.0 microseconds of Twd(s), 1= 6.0 microseconds of Twd(s), and 1= 8.0 microseconds of Twd(s), 
and holds voltage as it was in the recording head for 8.0 microseconds. 

[0046] If Twhl is set to 2.0 microseconds when making a micro dot breathe out using these recording 
heads, at the time of 1= 4.0 microseconds of Twd(s), the charge pulse 1 16 which shrinks a pressure 

generating room on the point shown by X of drawin g 7 will be started. Although it draws and an 
amount serves as the maximum here, since the speed which goes to the discharge direction of a nozzle 
is set to 0, in ink drop speed, the maximum does not become. 

[0047] When it is 3/4 of Tc at the time 1 of 1= 6.0 microseconds of Twd(s), i.e., Twd, the charge 

pulse 1 1 6 which shrinks a pressure generating room on the point shown by Y of drawing 7 is started. 
Here, the speed which goes to the discharge direction of the nozzle of vibration serves as the 
maximum, and the ink drop speed to an ink drop weight serves as the maximum by the crowdedness 
effect by the charge pulse 1 16 being started on this point. 

[0048] When equal at the time of 1= 8.0 microseconds of Twd(s), i.e., Twdl and Tc, the charge pulse 

1 16 which shrinks a pressure generating room on the point shown by Z of drawing 7 is started. Here, 
the amount of drawing in of a meniscus becomes small, and ink drop speed becomes slow. Since the 
amount of drawing in of a meniscus becomes still smaller when Twdl is larger than Tc, a meniscus is 
retreated greatly and the stroke of the micro dot of making a small ink drop breathe out at a big speed 
becomes impossible. 

[0049] Since it is above, the ratio of ink drop speed to the ink drop weight when changing Twdl 

serves as the maximum, when Twdl is 3/4 of Tc, as shown in drawin g 8 . With the inclination of 
simultaneously regularity of Twdl from 3/4 of Tc to Tc, ink drop speed becomes small, so that Twdl 
is large. If Twdl becomes larger than Tc, ink drop speed will not depend on Twdl, but will become 
almost fixed. Therefore, when the length of Twdl tends to be changed and it is going to adjust ink 
drop speed, if Twdl is changed between 3/4 of Tc, and Tc, ink drop speed can be enlarged by small 
change of Twdl. Moreover, span of adjustable range of ink drop speed can be enlarged by setting 
maximum of Twdl to Tc and setting the minimum value to three fourths of Tc. 
[0050] Here, as an example, as shown in Table 1, the case where the range of dispersion in the 
measured value f which sampled and measured the resonance frequency of the actuator element of a 
recording head is f0** 1 .5, and the range of dispersion in Tc at that time is for 6.9 to 8. 1 microseconds 
is considered. 
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[0051] 

[Table 1] 
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[0052] As shown in Table 1, with the value of the measured value f of resonance frequency, the rank 
division of the recording head is carried out with A, B, C, D, E, and F, the value of the helmholtz 
period Tc is expected, and Twdl of a recording head is determined. 

[0053] Here, Tc was set to three fourths of Tc in the largest rank A, and Twdl has determined that it 
will become almost equal to Tc in the rank F with smallest Tc so that the helmholtz period Tc is large, 
and Twdl may become small. 

[0054] Drawin g 1 is drawing showing the effect of this example notionally. In a Tc=7.0microsecond 
recording head and a Tc=8.0microsecond recording head, if voltage is adjusted so that Twdl may be 
fixed to 6.5 microseconds and an ink drop weight may become fixed, the big difference dO will arise 
at ink drop speed. 

[0055] According to this example, in a Tc=8.0microsecond recording head, Twdl is adjusted to 6.0 
microseconds which is 3/4 of Tc, and Twdl is adjusted to 7.0 microseconds equal to Tc by the 
Tc=7.0microsecond recording head. Thereby, as for a Tc=8.0microsecond recording head, the speed 
of an ink drop becomes large, and, as for a Tc=7.0microsecond recording head, the speed of an ink 
drop becomes small. 

[0056] Then, voltage is adjusted so that the ink drop weight breathed out from each head may become 
fixed, and may make an ink drop breathe out on the different voltage of two points, each breathed-out 
ink drop weight may be measured, it may be regarded as that from which an ink drop weight changes 
in alignment to voltage and it may become a suitable ink drop weight by the method currently 
performed conventionally. 

[0057] Thus, in two or more recording heads which have dispersion in Tc, the difference of the speed 
of the ink drop for every recording head when fixing an ink drop weight can be made small, as it is 

indicated in drawing 1 as dl . 

[0058] Below, how to change the duration Twdl of the electric discharge pulse 1 14 shown in A of 

draw ing 5 in this example is explained. Generally, a wave as shown in drawing 10 is generable by 

using composition like drawin g 9 . In the circuit of drawin g 9 , an amplitude makes an almost equal 
wave to Vk which is the supply voltage for drive wave generation, and an amplitude is changed by 
changing only Vk. 

[0059] 400 is wave generation equipment and generates the wave which becomes the origin of a drive 
wave. Wave generation equipment 400 generates the wave of amplitude Vk / 3 consisting mainly of 

Vk/2 like drawing 10 . The output of wave generation equipment 400 is connected to the noninverting 
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terminal of an operational amplifier 301, 3 times as many noninverting voltage amplification as this is 
carried out a center [ Vk/2 ], and the output of wave generation equipment 400 is outputted to the base 
of transistors 302 and 303. In order that transistors 302 and 303 may carry out current amplification of 
the voltage generated by the operational amplifier 301, when it is the transistor which made push pull 
connection, and a transistor 302 passes the current according to the load when a drive wave starts and 
a drive wave falls, a transistor 303 absorbs current. 

[0060] The circuit which these resistance forms is shown in drawing 1 1 . Resistance 304 and 

resistance 305 consider as the same size, and R304, R305, R306, R307, then the circuit of drawin g 1 1 

become the circuit and equivalence of drawing 12 about each resistance here. Therefore, R307=2x 
(R304/2+R306), then a drive wave turn into a wave which doubled the output of wave generation 

equipment 400 three focusing on Vk/2, and come to be shown in drawing 10 . 

[0061] Wave generation equipment 400 is a digital analog converter (DAC) as shown in dr awin g 13 . 
Here, 401, 402, and 403 have the same resistance altogether by resistance, and pressure Vk partially to 
three division into equal parts. 404 and 405 are the operational amplifiers by which voltage-follower 
connection was made, and output the potential pressured partially by resistance 401, 402, and 403. 
Resistance 41 1, 412, --, 414 is resistance with equal resistance. 421, 422, --, 424 are switches, and any 
those one is turned on [ it ] with a control signal, and they output either of the voltage which was 
pressured partially by resistance 41 1, 412, 414 to the noninverting terminal of an operational 
amplifier 43 1 . It is a voltage follower, an operational amplifier 43 1 considers voltage generated by 
either of the switches 421, 422, — , 424 as the output of DAC, changes the switch which closes 
dynamically and acquires an output wave. 

[0062] Vk which is the greatest drive potential when the switch 421 of drawing 13 closes to arbitrary 
Vk(s), if it was in the composition of the wave generation equipment 400 by the above DACs When a 
switch 424 is closed, GND which is the minimum drive potential is outputted as a drive wave output. 

[0063] In a drive wave like A of drawing 5 , when the inclination of falling of the electric discharge 
pulse 114 wants to change, an output wave with the inclination of arbitrary fallings is acquired from 
wave generation equipment 400 by changing the timing of the switches 421 and 422 and — to a time 
step, and switching of 424. Thus, the duration Twdl of the electric discharge pulse 1 14 of a micro dot 
driving pulse can be changed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the adjustment method of 
********** which breathes out a minute ink drop especially about an ink-jet formula recording 
device equipped with the ** ink-jet formula recording head which breathes out the ink drop of a size 
which is different from the same nozzle. 
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2 **** s hows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Based on the dot pattern data which come to develop the record data 
sent from the host computer, an ink drop is breathed out from each nozzle of a recording head to 
predetermined timing, respectively, and the ink JIETO formula recording device has composition 
which records when each of these ink drops form a dot in the front face of record media, such as a 
record form. Thus, since an ink-jet formula recording device is ** which breathes out an ink drop, or a 
thing which does not carry out or [ that is, ] performs on-off control of a dot, it cannot carry out the 
record output of the middle gradation with this. 

[0003] Then, the technology which is made to breathe out the ink drop of a weight which is different 
from the same nozzle, and enables gradation expression is also proposed. Since the pressure 
generating room in which ink was held is expanded as such an ink-jet formula recording device and 
the meniscus of ink is retreated greatly, a pressure generating room is shrunk and an ink drop is made 
to breathe out. What the meniscus of ink is greatly retreated rather than the case of a normal dot, is 
made to breathe out an ink drop minuter than a normal dot by shrinking a pressure generating room 
after that, and generates a micro dot is known by making it expand, after generating a normal dot, and 
ink's breathing out and twisting the pressure generating room in which ink was held and making it 
contract like. 

[0004] Since dispersion at the time of manufacture existed for every recording head, the actuator unit 
in which a pressure generating room is formed changed the size of the voltage impressed to the 
piezoelectric transducer of an actuator unit in order to expand and to shrink a pressure generating 
room conventionally, and it was adjusting for every head so that the ink drop weight breathed out 
might become fixed. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the drive method which generates a micro 
dot, the compliance of a pressure generating room will be large, when the helmholtz period Tc which 
is a period of vibration of a meniscus is a large recording head, since pressure variation is 
gently-sloping, ink drop speed will not go up only by adjusting the size of the voltage impressed so 
that an ink drop weight may become fixed, but it will become **** of a flight deflection plain-gauze 
cone ink drop. In the small recording head of Tc, ink drop speed is too large and a discharge condition 
becomes unstable. 

[0006] In order to make regularity the ink drop weight and ink drop speed of a micro dot, precision of 
Tc of a recording head needed to be made high, the manufacturing cost became high or there was a 
problem that the yield of a product became low. 

[0007] The purpose of this invention is to offer the adjustment method of the ink-jet formula 
recording device which can make regularity the ink drop speed and the ink drop weight of a micro dot, 
and its driving signal, even if the helmholtz period Tc of a recording head varies. 
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MEANS 



[Means for Solving the Problem] According to the driving-signal adjustment method of ******, to the 
ink-jet formula recording device or claim 3 of this invention according to claim 1 The driving means 
which output a driving signal including the contraction signal which shrinks a pressure generating 
room so that the regurgitation of the ink drop may be carried out from the expansion signal which 
expands a pressure generating room, and nozzle opening to a pressure generating means, It has a 
means to adjust the speed of the ink drop breathed out by the contraction signal by changing the 
duration of an expansion signal. Since duration of an expansion signal is made small for every 
recording head to which the meniscus of ink vibrates with an expansion signal so that the peculiar 
period Tc is large, Tc can enlarge ink drop speed of a large head, and Tc can make ink drop speed of a 
small head small. 

[0009] According to the driving-signal adjustment method of ****** ? since the duration of an 
expansion signal is set up among three fourths of Tc and Tc, it can adjust ink drop speed to the ink-jet 
formula recording device or claim 4 of this invention according to claim 2 greatly by small change of 
the duration of a signal. 
[0010] 

[Embodiments of the Invention] Hereafter, the example of this invention is explained in detail based 
on a drawing. 

[001 1] Dr a w ing 2 is a block diagram explaining the relation between the main part 1 of a printer (it is 
described as a main part below.) which performs supply of information processing and head drive 
power, and the recording head 2 used as a controlled system. A main part 1 is equipped with the drive 
circuit 102 which supplies sufficient power to generate and drive the voltage waveform for driving the 
control logic 101 for taking creation and timing of the data for determining the nozzle which carries 
out the regurgitation of the ink, and the actuator of a head, and a connector 103. 
[0012] A recording head 2 is equipped with the control logic 201 which controls by ON/OFF of 
analog switches 221-223 whether actuators 21 1-213 are vibrated or it does not carry out according to 
the data from two or more actuators 211-213 which consist of a piezoelectric device which generates 
the kinetic energy for making ink breathe out, the analog switches 221-223 for not impressing driver 
voltage from a main part to the actuator, and the control logic in a main part 1 . The carriage shaft top 
of the enclosure of a printer is moved to a head scanning direction, the data according to the position 
of a head scanning direction are sent from a main part 1 , and a recording head 2 prints by this 
breathing out an ink drop. The main part 1 and the recording head 2 are connected by the flexible flat 
cable (it is described as Following FFC.) 3. 

[0013] Drawing 3 is the cross section showing the mechanical structure of a recording head 2. The 1st 
covering device material 30 consists of sheet metal of a zirconia with a thickness of about 6 
micrometers, the common electrode 3 1 used as one pole is formed in the front face, the piezoelectric 
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transducer 33 which consists of PZT etc. is fixed so that the front face may be countered at the 
pressure generating room 32, and the drive electrode 34 which consists of a layer of comparatively 
flexible metals, such as Au 3 is further formed in the front face. 

[0014] It deforms in the direction which will develop if deformation which will contract if the 
piezoelectric transducer 33 forms the oscillated type actuator by the 1st covering device material 30 
here and a piezoelectric transducer 33 is charged, and contracts the volume of the pressure generating 
room 32 is carried out and a piezoelectric transducer discharges, and expands the volume of a pressure 
generating room. 

[0015] A spacer 35 prepares a through-hole in ceramic boards, such as the thickness suitable for 
forming the pressure generating room 32, for example, a 100-micrometer zirconia etc., is constituted, 
has both sides closed by the 2nd covering device material 36 and the 1st covering device material 30, 
and forms the pressure generating room 32. 

[0016] the free passage whose 2nd covering device material 36 connects the ink feed hopper 37 and 
the pressure generating room 32 to ceramic boards, such as a zirconia, — the nozzle free passage 
which connects a hole 38, and the nozzle opening 25 and the edge of a pressure generating room — a 
hole 39 is formed, and it is constituted and is fixed to the whole surface of a spacer 35 
[0017] The covering device material 30 of these 1st, a spacer 35, and the 2nd covering device material 
36 fabricate a ceramic clay-like material in a predetermined configuration, and they constitute the 
actuator unit 21, without using adhesives by carrying out the laminating of this and calcinating it. 
[001 8] the nozzle free passage which the ink feed hopper 37 which connects a reservoir 41 and the 
pressure generating room 32 to the end side by the side of the pressure generating room 32 is formed, 
and is connected to the nozzle opening 25 at an other end side while the ink feed-hopper formation 
substrate 40 serves as the fixed substrate of the actuator unit 21 - the hole 42 is formed 
[0019] the reservoir 41 which receives the ink inflow from the ink cartridge which does not illustrate 
the reservoir formation substrate 43, and the nozzle free passage linked to the nozzle opening 25 ~ a 
hole 44 is formed, it is constituted, a nozzle plate 45 closes one field, and the reservoir 41 is formed 
[0020] The glue lines 46 and 47, such as a heat welding film and adhesives, are fixed in between [ 
each ], and these ink feed-hopper formation substrate 40, the reservoir formation substrate 43, and the 
nozzle plate 45 constitute the passage unit 22. 

[0021] This passage unit 22 and the bitter taste CHIEETA unit 21 are fixed by the glue lines 48, such 
as a heat welding film and adhesives, and the recording head 10 is constituted. 
[0022] By composition of the above-mentioned recording head 10, if a piezoelectric transducer 33 is 
discharged, the pressure generating room 32 will expand, the pressure in the pressure generating room 
32 will decline, and ink will flow into the pressure generating interior of a room from a reservoir 41 . If 
a piezoelectric transducer 33 is made to charge, the pressure generating room 32 will contract, the 
pressure in the pressure generating room 32 will rise, and the ink in the pressure generating room 32 
will be breathed out by the nozzle opening 25 shell exterior. 

[0023] The procedure when printing by the above composition is explained using drawin g 4 and 

dr a w i n g 5 . Where paper is fixed, a recording head 2 moves to a head scanning direction. A pulse train 

as shown in A and B of drawing 5 is then sent to a recording head 2 from a main part 1 through FFC3 

of drawing 2 . A is a driving pulse which makes a minute ink drop breathe out and makes a micro dot 
generate, and B is a driving pulse which makes a larger normal dot than a micro dot generate. The 
data which specify opening and closing of analog switches 221-223 synchronizing with the driving 
pulse of either A or B are also sent to the recording head 2 from the main part 1 , and only the actuator 
linked to what was closed among analog switches 221-223 displaces them to a specific pulse. As a 
result of heightening the ink pressure of the pressure generating interior of a room corresponding to 
the driven actuator, ink is breathed out only from the nozzle corresponding to this among the nozzles 



2 of 7 



6/9/03 10:44 AM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



251-253 of drawing 4 . 

[0024] The voltage value starts the driving pulse of the micro dot shown in A of dra wing 5 from the 
middle potential VmM (1 1 1), it goes up with fixed inclination between the predetermined time TwcO 
to the maximum potential VPM (112), and only a predetermined time TwhO maintains the maximum 
potential VPM (113). Next, a micro dot driving pulse descends with fixed inclination between the 
predetermined time Twdl to the 1st minimum potential VLS (114), and only a predetermined time 
Twhl maintains the minimum potential VLS (115). And the voltage value of a micro dot driving 
pulse rises again with fixed inclination between the predetermined time Twcl to the maximum 
potential VPM (116), and only a predetermined time Twh2 maintains the maximum potential VPM 
(117). Then, a micro dot driving pulse descends with fixed inclination between the predetermined 
time Twd2 to the middle potential VmM (118). 

[0025] Here, if the charge pulse 1 12 is impressed to a piezoelectric transducer 33, the piezoelectric 

transducer 33 of drawing 3 will bend in the direction which shrinks the capacity of the pressure 
generating room 32, and will generate positive pressure in the pressure generating room 32. 
Consequently, a meniscus rises from nozzle opening. The potential difference of the charge pulse 1 12 
is large, when voltage inclination is large, although it is also possible to carry out the regurgitation of 
the ink drop by the charge pulse 1 12, in this example, the ink drop was breathed out and twisted by 
the charge pulse 1 12, and the potential difference of the charge pulse 1 12 is set as the range. In this 
example, further, the charging time TwcO of the charge pulse 1 12 calls forth vibration of the meniscus 
helmholtz period Tc, and it is set up more than Tc so that there may be nothing. 
[0026] The meniscus which rose by the charge pulse 1 12 is changed to the movement which returns 
into the nozzle opening 25 by vibration of a period Tm with the surface tension of ink, while the hold 
pulse 1 13 is impressed. 

[0027] If the electric discharge pulse 1 14 is impressed, a piezoelectric transducer 33 will bend in the 
direction which expands the capacity of the pressure generating room 32, and negative pressure will 
produce it in the pressure generating room 32. Consequently, it is superimposed on the movement 
which goes to the interior of the nozzle opening 25 of a meniscus, and a meniscus is greatly drawn in 
the interior of the nozzle opening 25. Thus, a meniscus can be greatly drawn in the interior of the 
nozzle opening 25 also by the potential difference of the comparatively small electric discharge pulse 
1 14 by impressing an electric discharge pulse to the timing to which a meniscus goes to the interior of 
the nozzle opening 25. 

[0028] If the charge pulse 1 16 is impressed, positive pressure will occur in the pressure generating 
room 32, and a meniscus will rise from the nozzle opening 25. At this time, where a meniscus is 
greatly drawn in the interior of the nozzle opening 25, since the pressure variation of the positive 
pressure direction occurs, the ink drop breathed out turns into a minute ink drop, and generates a 
micro dot. 

[0029] The electric discharge pulse 1 1 8 is an electric discharge pulse for suppressing Tc vibration of 
the meniscus excited by the electric discharge pulse 1 14 and the charge pulse 116, and impresses the 
electric discharge pulse 118 which makes a meniscus go to the interior of the nozzle opening 25 to the 
timing to which Tc vibration goes to the outlet of the nozzle opening 25. 

[0030] The driving pulse of the normal dot shown in B of drawing 5 is started from the middle 
potential VmN (120), it descends with inclination fixed to the 2nd minimum potential VLL (121), and 
only a predetermined time maintains the minimum potential VLL (122). And the voltage value of a 
normal dot driving pulse rises with inclination fixed to the maximum potential VPN (123), and only a 
predetermined time maintains the maximum potential VPN (124). Then, a normal dot driving pulse 
descends with inclination fixed to the middle potential VmN. 

[0031] If the electric discharge pulse 121 is impressed, negative pressure will arise in the pressure 
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generating interior of a room, and a meniscus will be drawn in the interior of the nozzle opening 25. 
Here, compared with a micro dot driving pulse, a meniscus is not greatly drawn in the interior of the 
nozzle opening 25 by setting up the potential difference of the electric discharge pulse 121 smaller 
than the potential difference of the electric discharge pulse 1 14 of a micro dot driving pulse. 
[0032] If the charge pulse 123 is impressed, positive pressure will occur in the pressure generating 
room 32, and a meniscus will rise from the nozzle opening 25. Since the pressure variation of the 
positive pressure direction occurs in the state where a meniscus is not drawn so much in the interior of 
the nozzle opening 25, at this time, the ink drop breathed out turns into a big ink drop compared with 
a micro dot. 

[0033] The electric discharge pulse 125 is an electric discharge pulse for suppressing Tc vibration of 
the meniscus excited by the electric discharge pulse 121 and the charge pulse 123, and impresses the 
electric discharge pulse 125 which makes a meniscus go to the interior of the nozzle opening 25 to the 
timing to which Tc vibration goes to the outlet of the nozzle opening 25. 
[0034] If a recording head 2 finishes moving to the other end from the end of a head scanning 
direction, an ejection will be performed in the direction of an ejection by the distance of nozzles 
251-253. Thus, it can set by specifying the position of the scanning direction of the movement 
magnitude from the nose of cam of the paper which is a record medium about **** and non-**** of 
ink, and a head, i.e., the timing of the ** pulse to breathe out, and nozzles 251-253 to be the arbitrary 
points on the space specified with the resolution of a printer. 

[0035] By the way, in the above-mentioned recording head 2, when the inertance of Mn and the ink 
feed hopper 37 is set [ the rigid compliance by the 1st covering device material 30 which forms Ci and 
the pressure generating room 32 for the fluid compliance resulting from the compressibility of the ink 
of the pressure generating room 32, and the material of piezoelectric-transducer 33 grade ] to Ms for 
the inertance of Cv and the nozzle opening 25, the helmholtz resonance frequency F of the pressure 
generating room 32 is shown by the following formula. 
[0036] F-l/(2pi) xroot {(Mn+Ms )/(MnxMs)/(Ci+Cv)} 

Moreover, if compliance of a meniscus is set to Cn, when the viscous drag of ink passage can be 
disregarded, the natural-vibration period Tm of a meniscus is shown by the following formula. 
[0037] Tm=2pixroot {(Mn+Ms )Cn} 

Moreover, when acoustic velocity in the inside of rho and ink is set [ the volume of the pressure 
generating room 32 ] to c for the density of V and ink, the fluid compliance Ci is shown by the 
following formula. 

[0038] The rigid compliance Cv of the pressure generating room 32 is in agreement with Ci=V/rho c2 
pan at the static reduction of area of the pressure generating room 32 when impressing a unit pressure 
at the pressure generating room 32. 

[0039] Period-of- vibration Tc excited by the meniscus by contraction of a piezoelectric transducer 33 
and extension is the same as that of the period obtained by the inverse number of the helmholtz 
resonance frequency F. If an example is given, for 2xl08kgm-4 and Inertance Ms, lxl0-20m5N-l and 
the rigid compliance Cv of the helmholtz resonance frequency F at the time of being lxl08kgm-4 will 
be [ the fluid compliance Ci / 1 .5xlO-20m5N-l and Inertance Mn ] 125kHz, and the helmholtz period 
Tc will be set to 8 microseconds. 

[0040] Although the helmholtz period Tc can be measured directly on laboratory level, for this reason 
[ time ], measuring directly on mass-production level is difficult the period. Then, the resonance 
frequency of an element is measured with an impedance analyzer in the state where ink is not 
contained in the pressure generating room 32. since proportionality is between the resonance 

frequency in the state where ink is not contained, and the helmholtz period Tc as shown in drawing 6 
~ from the measured value of resonance frequency — since ~ Tc is calculable 
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[0041] In the manufacturing process of a recording head, it is varied and generated in values, such as 
the rigid compliance Cv by the 1st covering device material 30 which forms the pressure generating 
room 32, and the material of piezoelectric-transducer 33 grade. Therefore, the helmholtz period Tc 
varies for every head. 

[0042] In order to make regularity the weight of the ink drop breathed out from the nozzle of a 
recording head with each head, the size of the voltage generally impressed to a head piezoelectric 
transducer is changed, and it is adjusting for every head so that the ink drop weight breathed out may 
become fixed. An ink drop is made to specifically breathe out on the different voltage of two points, 
each breathed-out ink drop weight is measured, and voltage is adjusted so that it may become an ink 
drop weight suitable as that to which the variation of an ink drop weight is proportional to the amount 
of changes of potential. 

[0043] However, when making a micro dot breathe out, the compliance of a pressure generating room 
will be large, when the helmholtz period Tc is a large recording head, since pressure variation is 
gently-sloping, ink drop speed will not go up only by adjusting the size of the voltage impressed so 
that an ink drop weight may become fixed, but it will become the regurgitation of a flight deflection 
plain-gauze cone ink drop. In the small recording head of Tc, ink drop speed is too large and a 
discharge condition becomes unstable. 

[0044] In this example, the regurgitation speed of an ink drop is adjusted by changing the duration 
Twdl of the electric discharge pulse 1 14 of a micro dot driving pulse according to the helmholtz 
period Tc. The principle is explained below. 

[0045] Drawing 7 is drawing showing the situation of vibration of the meniscus of ink when the 
helmholtz period Tc sends an electric discharge pulse to a piezoelectric transducer on three conditions, 
1= 4.0 microseconds of Twd(s), 1= 6.0 microseconds of Twd(s), and 1= 8.0 microseconds of Twd(s), 
and holds voltage as it was in the recording head for 8.0 microseconds. 

[0046] If Twhl is set to 2.0 microseconds when making a micro dot breathe out using these recording 
heads, at the time of 1= 4.0 microseconds of Twd(s), the charge pulse 1 16 which shrinks a pressure 

generating room on the point shown by X of drawin g 7 will be started. Although it draws and an 
amount serves as the maximum here, since the speed which goes to the discharge direction of a nozzle 
is set to 0, in ink drop speed, the maximum does not become. 

[0047] When it is 3/4 of Tc at the time 1 of 1= 6.0 microseconds of Twd(s), i.e., Twd, the charge 

pulse 1 1 6 which shrinks a pressure generating room on the point shown by Y of drawing 7 is started. 
Here, the speed which goes to the discharge direction of the nozzle of vibration serves as the 
maximum, and the ink drop speed to an ink drop weight serves as the maximum by the crowdedness 
effect by the charge pulse 1 16 being started on this point. 

[0048] When equal at the time of 1= 8.0 microseconds of Twd(s), i.e., Twdl and Tc, the charge pulse 

116 which shrinks a pressure generating room on the point shown by Z of drawin g 7 is started. Here, 
the amount of drawing in of a meniscus becomes small, and ink drop speed becomes slow. Since the 
amount of drawing in of a meniscus becomes still smaller when Twdl is larger than Tc, a meniscus is 
retreated greatly and the stroke of the micro dot of making a small ink drop breathe out at a big speed 
becomes impossible. 

[0049] Since it is above, the ratio of ink drop speed to the ink drop weight when changing Twdl 

serves as the maximum, when Twdl is 3/4 of Tc, as shown in drawin g 8 . With the inclination of 
simultaneously regularity of Twdl from 3/4 of Tc to Tc, ink drop speed becomes small, so that Twdl 
is large. If Twdl becomes larger than Tc, ink drop speed will not depend on Twdl, but will become 
almost fixed. Therefore, when the length of Twdl tends to be changed and it is going to adjust ink 
drop speed, if Twdl is changed between 3/4 of Tc, and Tc, ink drop speed can be enlarged by small 
change of Twdl . Moreover, span of adjustable range of ink drop speed can be enlarged by setting 
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maximum of Twdl to Tc and setting the minimum value to three fourths of Tc. 

[0050] Here, as an example, as shown in Table 1, the case where the range of dispersion in the 

measured value f which sampled and measured the resonance frequency of the actuator element of a 

recording head is f0**1.5, and the range of dispersion in Tc at that time is for 6.9 to 8.1 microseconds 

is considered. 

[0051] 

[Table 1] 
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[0052] As shown in Table 1, with the value of the measured value f of resonance frequency, the rank 
division of the recording head is carried out with A, B, C, D, E, and F, the value of the helmholtz 
period Tc is expected, and Twdl of a recording head is determined. 

[0053] Here, Tc was set to three fourths of Tc in the largest rank A, and Twdl has determined that it 
will become almost equal to Tc in the rank F with smallest Tc so that the helmholtz period Tc is large, 
and Twdl may become small. 

[0054] Drawin g 1 is drawing showing the effect of this example notionally. In a Tc=7.0microsecond 
recording head and a Tc=8.0microsecond recording head, if voltage is adjusted so that Twdl may be 
fixed to 6.5 microseconds and an ink drop weight may become fixed, the big difference dO will arise 
at ink drop speed. 

[0055] According to this example, in a Tc=8.0microsecond recording head, Twdl is adjusted to 6.0 
microseconds which is 3/4 of Tc, and Twdl is adjusted to 7.0 microseconds equal to Tc by the 
Tc=7.0microsecond recording head. Thereby, as for a Tc=8.0microsecond recording head, the speed 
of an ink drop becomes large, and, as for a Tc=7.0microsecond recording head, the speed of an ink 
drop becomes small. 

[0056] Then, voltage is adjusted so that the ink drop weight breathed out from each head may become 
fixed, and may make an ink drop breathe out on the different voltage of two points, each breathed-out 
ink drop weight may be measured, it may be regarded as that from which an ink drop weight changes 
in alignment to voltage and it may become a suitable ink drop weight by the method currently 
performed conventionally. 

[0057] Thus, in two or more recording heads which have dispersion in Tc, the difference of the speed 
of the ink drop for every recording head when fixing an ink drop weight can be made small, as it is 

indicated in drawing 1 as dl . 

[0058] Below, how to change the duration Twdl of the electric discharge pulse 1 14 shown in A of 
drawin g 5 in this example is explained. Generally, a wave as shown in drawin g 10 is generable by 
using composition like drawing 9 . In the circuit of drawin g 9 , an amplitude makes an almost equal 
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wave to Vk which is the supply voltage for drive wave generation, and an amplitude is changed by 
changing only Vk. 

[0059] 400 is wave generation equipment and generates the wave which becomes the origin of a drive 
wave. Wave generation equipment 400 generates the wave of amplitude Vk / 3 consisting mainly of 

Vk/2 like drawing 10 . The output of wave generation equipment 400 is connected to the noninverting 
terminal of an operational amplifier 301, 3 times as many noninverting voltage amplification as this is 
carried out a center [ Vk/2 ], and the output of wave generation equipment 400 is outputted to the base 
of transistors 302 and 303. In order that transistors 302 and 303 may carry out current amplification of 
the voltage generated by the operational amplifier 301, when it is the transistor which made push pull 
connection, and a transistor 302 passes the current according to the load when a drive wave starts and 
a drive wave falls, a transistor 303 absorbs current. 

[0060] The circuit which these resistance forms is shown in dr aw i n g 1 1 . Resistance 304 and 

resistance 305 consider as the same size, and R304, R305, R306, R307, then the circuit of drawing 11 

become the circuit and equivalence of drawing 12 about each resistance here. Therefore, R307=2x 
(R304/2+R306), then a drive wave turn into a wave which doubled the output of wave generation 

equipment 400 three focusing on Vk/2, and come to be shown in dr aw ing 1 0 . 

[0061] Wave generation equipment 400 is a digital analog converter (DAC) as shown in drawing 13 . 
Here, 401, 402, and 403 have the same resistance altogether by resistance, and pressure Vk partially to 
three division into equal parts. 404 and 405 are the operational amplifiers by which voltage-follower 
connection was made, and output the potential pressured partially by resistance 401, 402, and 403. 
Resistance 41 1, 412, --, 414 is resistance with equal resistance. 421, 422, --, 424 are switches, and any 
those one is turned on [ it ] with a control signal, and they output either of the voltage which was 
pressured partially by resistance 41 1, 412, --, 414 to the noninverting terminal of an operational 
amplifier 43 1 . It is a voltage follower, an operational amplifier 43 1 considers voltage generated by 
either of the switches 421, 422, --, 424 as the output of DAC, changes the switch which closes 
dynamically and acquires an output wave. 

[0062] Vk which is the greatest drive potential when the switch 42 1 of drawing 1 3 closes to arbitrary 
Vk(s), if it was in the composition of the wave generation equipment 400 by the above DACs When a 
switch 424 is closed, GND which is the minimum drive potential is outputted as a drive wave output. 

[0063] In a drive wave like A of drawing 5 , when the inclination of falling of the electric discharge 
pulse 1 14 wants to change, an output wave with the inclination of arbitrary fallings is acquired from 
wave generation equipment 400 by changing the timing of the switches 421 and 422 and — to a time 
step, and switching of 424. Thus, the duration Twdl of the electric discharge pulse 1 14 of a micro dot 
driving pulse can be changed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 

[D r awin g 1] It is drawing showing the effect of this invention example notionally. 

[Drawing 2] It is the block diagram showing the relation of the main part of a printer and recording 
head in this invention example. 

[Drawin g 3] It is the cross section showing the mechanical structure of the recording head in this 
invention example. 

[Drawing 4] It is a ** type view explaining the distance printed by the recording head in this invention 
example. 

[Drawing 5] A is the drive wave of the micro dot in this invention example, and B is the drive wave of 
the normal dot in this invention example. 

[Drawing 6] It is drawing showing the resonance frequency of the actuator of the recording head in 
this invention example, and the relation of a helmholtz period. 

[Drawing 7] It is drawing showing the situation of vibration of the meniscus of the ink when changing 
Twdl in this invention example. 

[D raw ing 8] It is drawing showing the relation between Twdl and the ratio of ink drop speed to an ink 
drop weight in this invention example. 

[Drawing 9] It is the circuit diagram showing the circuit which outputs the drive wave of this 
invention example. 

[Drawin g 10 ] It is drawing showing an example of the wave outputted by the circuit of drawin g 9 . 
[Drawing 11] It is the circuit diagram showing the circuit which resistance forms among the circuits 
of dr a wi n g 9 . 

[Drawing 12] It is the circuit diagram showing the circuit of drawing 1 1 , and the circuit which 
becomes equivalence in this invention example. 

[Drawin g 13 ] It is the circuit diagram showing the wave generation equipment in this invention 
example. 

[Description of Notations] 

1 Main Part of Printer 

2 Recording Head 

3 Flexible Flat Cable 
10 Recording Head 

21 Actuator Unit 

22 Passage Unit 
25 Nozzle Opening 

32 Pressure Generating Room 
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• 

33 Piezoelectric Transducer (Pressure Generating Means) 
112 Charge Pulse 

1 14 Electric Discharge Pulse (Contraction Signal) 
1 1 6 Charge Pulse (Expansion Signal) 
1 1 8 Electric Discharge Pulse 
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[Drawing 2] 
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[Drawing 12] 
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[Drawin g 4] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 11] 
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[Drawing 7] 
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[Drawing 9] 




[Drawin g 10 ] 
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[ Drawing 13] 
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